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(57) ABSTRACT 

Coated articles are provided With an anti-re?ection 
system(s) Which enables high visible transmission and/or 
loW visible re?ection. Neutral color is also attainable in 
certain example embodiments. In certain example 
embodiments, the anti-re?ection system(s) is used in con 
junction With a double silver (Ag) layer stack Which pro 
vides loW sheet resistance and/or emissivity. 
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LOW-E COATING WITH HIGH VISIBLE 
TRANSMISSION 

This application claims priority from US. Provisional 
Application No. 60/341,837, ?led Dec. 21, 2001, the dis 
closure of Which is hereby incorporated herein by reference. 

BACKGROUND AND SUMMARY OF THE 
INVENTION 

Related application (Ser. No. 09/794,224) discloses 
coated articles having the following layer stack, as shoWn in 
FIG. 1 herein, from the glass substrate outWardly: 

TABLE 1 

Example Materialsg I hicknesses in Related Case 

Layer Substrate 

(1—10 mm) Preferred Range More Preferred Example Tio2 0-400 A 50-250 A 100 A 

SiXNy 0-400 A 50-250 A 170 A 
NiCrOX 5-100 A 10-50 A 18 A 
Ag 50-250 A 80-120 A 105 A 
NiCrOX 5-100 A 10-50 A 16 A 
81102 0-800 A 500-850 A 650 A 
SiXNy 0-800 A 50-250 A 170 A 
NiCrOX 5-100 A 10-50 A 18 A 
Ag 50-250 A 80-120 A 105 A 
NiCrOX 5-100 A 10-50 A 16 A 
81102 0-500 A 100-300 A 150 A 
Si3N4 0-500 A 100-300 A 250 A 

In other embodiments of the related case, the bottom 
titanium oXide layer may be removed or replaced With a 
silicon nitride layer. 

While the aforesaid coated articles described in the related 
application provide good color, and good ultraviolet (UV) 
and/or infrared (IR) re?ection, increased visible transmis 
sion and/or reduced visible re?ection Would sometimes be 
desirable. 

Neutral color is also desirable for coated articles in certain 
applications. Many conventional methods of making color 
of a coated article more neutral result in decreased visible 
transmission and/or increased visible re?ection. Heretofore, 
it has been difficult to increase visible transmission and 
reduce visible re?ection, While at the same time providing or 
maintaining rather neutral color and satisfactory solar con 
trol or thermal characteristics. Whether a color is “neutral” 
or not is subjective, and is a function of personal taste. 
HoWever, generally speaking, color moving toWard a neutral 
color target (e.g., a*=0, b*=0, or some other neutral color 
target such as transmissive a*=—2 and transmissive b*=—3.4) 
is desired, although such targets do not have to be met in all 
embodiments of this invention. 

In vieW of the above, it is an object of certain embodi 
ments of this invention to provide a solar controlling coated 
article (i.e., an article including at least one and preferably 
tWo or more layers such as Ag for re?ecting IR and/or UV) 
having increased visible transmission and/or reduced visible 
re?ectance. In certain eXample non-limiting embodiments of 
this invention, it is an object to combine such high visible 
transmission and/or reduced visible re?ectance With neutral 
color of the coated article. Alternatively, the use of an 
improved anti-re?ection layer(s) system(s) may enable coat 
ings to have or utiliZe more robust contact layer(s) (e.g., 
thicker for better durability) and/or thicker silver (Ag) 
layer(s) (i.e., improved thermal performance) While main 
taining similar transmission characteristics if increased 
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2 
transmission is not a most desired feature (e.g., if durability 
is a most desired feature). 

Another object of this invention is to ful?ll one or more 
of the above-listed objects and/or needs. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a cross sectional vieW of a coated article 
according to an embodiment of this invention, as disclosed 
in the related application. 

FIG. 2 is a cross sectional vieW of a coated article 
according to an embodiment of this invention. 

FIG. 3 is a cross sectional vieW of a coated article 
according to another embodiment of this invention. 

FIG. 4 is a cross sectional vieW of a coated article 
according to another embodiment of this invention. 

FIG. 5 is a cross sectional vieW of a coated article 
according to another embodiment of this invention. 

FIG. 6 is a cross sectional vieW of a coated article 
according to another embodiment of this invention. 

DETAILED DESCRIPTION OF EXAMPLE 
EMBODIMENTS OF THE INVENTION 

The instant invention relates to coated articles Which may 
be used in applications including but not limited to insulat 
ing glass (IG) WindoW units, other types of architectural 
WindoWs, skylight WindoWs, and/or other types of WindoWs. 
Coated articles according to this invention include an 
improved anti-re?ection layer(s) system for reducing visible 
re?ectance and/or increasing visible transmission in coated 
articles that provide solar control (e.g., IR and/or UV 
re?ection) functionality. Surprisingly, in certain eXample 
embodiments it has been found that certain anti-re?ection 
layer(s) systems of the instant invention can both: (a) 
improve visible transmission and/or reduce visible 
re?ectance, While at the same time (b) achieving an accept 
able neutral color of the resulting coated article. 

FIG. 2 is a cross sectional vieW of a coated article 
according to an embodiment of this invention. The coated 
article of FIG. 2, like all other coated articles herein, may be 
used in any of the aforesaid applications (e.g., architectural 
WindoWs, etc.). The coated article of FIG. 2 includes from 
the glass substrate outWardly (all indices of refraction “n” at 
550 nm): 

glass (n=1.51) 
titanium oXide (e.g., TiO2) (n=2.1 to 2.7) 
silicon nitride (e.g., Si3N4) (n=1.8 to 2.2, preferably 

n=2.0) 
nickel-chromium-oXide (NiCrOx) 
silver (Ag) 
nickel-chromium-oXide (NiCrOx) 
tin oXide (e.g., SnO2) (n=1.8 to 2.2, preferably n=2.0) 
silicon nitride (e.g., Si3N4) (n=1.8 to 2.2, preferably 

n=2.0) 
nickel-chromium-oXide (NiCrOx) 
silver (Ag) 
nickel-chromium-oXide (NiCrOx) 
tin oXide (e.g., SnO2) (n=1.8 to 2.2, preferably n=2.0) 
silicon oXide (e.g., SiO2) (n=1.4 to 1.7, preferably n=1.45) 
air (n=1.0) 
As shoWn in FIG. 2, the contact layers (i.e., NiCrOx 

layers) surround and contact the IR re?ecting Ag layers. The 
NiCrOx layers herein are called “contact” layers because 
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they each contact an IR re?ecting layer (i.e., an Ag layer). 
The NiCrOx contact layers provide the most immediate 
chemical protection for the Ag layer, and also serve as 
adhesion and/or nucleation layers. The contact layers may or 
may not be oxidation graded as described in the related 
application, in different embodiments of this invention. 
Moreover, instead of NiCrOx, one or more of the contact 
layers may be of or include other material(s) including but 
not limited to NiCr, NiCrNx, NiCrOxNy, ZnO, A1203, TiO2, 
ZnAlOx, Ni, Cr, CrNx, NiOx, NbOx, any combination 
thereof, or the like. Example thicknesses of the contact 
layers, and other layers herein, are discussed above in the 
Background and Summary section of this application. 

Instead of Ag, other metallic IR re?ecting materials (e.g., 
Au, Ag alloys, Au alloys, etc.) may be used for the IR 
re?ecting layer(s) (this applies to all embodiments herein). 
The thickness of the metallic Ag layers (IR re?ecting layers) 
is chosen in order to achieve the desired thermal perfor 
mance (see example thickness ranges above). For example, 
the Ag layer may be from about 50—250 A thick, in order to 
achieve sheet resistance (RS) (before and/or after heat 
treatment) of less than or equal to 10.0 ohms/square, more 
preferably less than or equal to 8.0 ohms/square, even more 
preferably less than or equal to 5.0 ohms/square, and most 
preferably less than or equal to 4.0 ohms/square. In a similar 
manner, the Ag layer(s) thickness(es) are chosen so that the 
coating (or coated article) has a normal emissivity of no 
greater than 0.08, more preferably no greater than 0.06, and 
most preferably no greater than 0.05 (before and/or after 
heat treatment). 

The bottom ten (10) layers of the FIG. 2 coating (and the 
FIGS. 3—6 coatings) are discussed in the related application 
(incorporated herein by reference), and are not discussed 
herein for reasons of simplicity. See the thicknesses/ 
materials described in the related in this regard. The focus 
herein lies With the provision of the top tWo layers in the 
FIG. 2 embodiment Which are provided in order to increase 
visible transmission of the coated article and/or reduce 
visible re?ection (glass and/or ?lm side re?ection). With 
respect to the FIG. 2 embodiment in particular, it Will be 
shoWn beloW that the replacement of the top silicon nitride 
layer (see related, or FIG. 1 herein) With a silicon oxide layer 
(see FIG. 2) results in a signi?cant increase in visible 
transmission. This is clearly bene?cial. 
By using silicon oxide (i.e., stoichiometric SiO2, or alter 

natively a non-stoichiometric form) over the top tin oxide 
layer, the coating (layer system) can be characteriZed by the 
top dielectric portion T having an effective index of refrac 
tion n less than that of middle dielectric portion M, Which in 
turn has an effective index of refraction n less than that of the 
bottom dielectric portion B (see FIG. 2). In other Words, 
nT<nM<nB, Where nT is the effective index of refraction of 
the top dielectric portion T, nM is the effective index of 
refraction of the middle dielectric portion M, and n5 is the 
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effective index of refraction of the bottom dielectric portion 
B. As shoWn in FIG. 2, each of the top, middle and bottom 
dielectric portions T, M and B, respectively, can include a 
plurality of different dielectric layers, although in alternative 
embodiments any or all of these portions need only include 
a single dielectric layer. By gradually decreasing the respec 
tive effective indices of refraction “n” from the innermost or 
bottom dielectric portion B, to the middle dielectric portion 
M, and on to the top dielectric portion T toWard the air, the 
anti-re?ection system of FIG. 2 enables increased visible 
transmission and/or reduced visible re?ection to be 
achieved. Surprisingly, as Will be shoWn beloW in the 
Examples of this embodiment, the anti-re?ection system 
also enables fairly neutral color of the coated article. 
Moreover, in certain example embodiments of this 
invention, nT<=2.0. The silicon oxide layer may be from 
about 10—700 A thick in certain example embodiments of 
this invention, more preferably from 20—600 A thick, and 
most preferably from 50—500 A thick. 
As With all embodiments herein, the illustrated layers are 

preferably deposited/formed via sputtering (see the 
Examples in the related application), although other depo 
sition techniques may certainly be used in alternative 
embodiments of this invention. 

EXAMPLE(S) OF FIG. 2 EMBODIMENT 

The Tables beloW illustrate Examples 1—7 of the FIG. 2 
embodiment, Which are to be compared to a Comparative 
Example(s) (CE) similar to FIG. 1 of the instant application. 
Thus, the CE relates to a coating that is similar to that 
illustrated in the related application. For these simulation 
examples in the Tables beloW, the following indices of 
refraction Were assumed at 550 nm: for glass, n=1.51; for 
Si3N4, n=2.0; for SiOxNy, n=1.72; for SiO2, n=1.45; for 
SnO2, n=2.0; and for TiO2, n=2.57. The thicknesses for each 

of the layers in the First Table beloW are in angstroms The Second Table beloW sets forth the optical characteristics 

(e.g., visible transmission, color, etc.) for the Examples and 
CE based upon being annealed and in monolithic form. All 
glass substrates Were the same With respect to thickness and 
color. No example simulation herein Was heat treated. 
Moreover, all optical data beloW Was Ill. C, 2 degree. 

It is noted that the comparative examples (CEs) herein 
utiliZed more oxided NiCrOx layers than did the examples in 
the related application (this explains Why the comparative 
examples herein, in monolithic non-heat-treated form, have 
higher visible transmission than monolithic non-heat treated 
products in the related application). HoWever, this distinc 
tion is not relevant because all NiCrOx layers herein Were 
assumed to have the same oxidation, so that the comparisons 
herein betWeen the CEs and the Examples are thus consis 
tent. It is also noted that the indices for all Ag and NiCrOx 
are assumed to be the same for all such layers in the 
Examples and the CEs herein. 

FIRST TABLE: LAYER STRUCTURE — thicknesses (FIG. 2 embodiment) 

Glass CE Ex. 1 Ex. 2 Ex. 3 Ex. 4 Ex. 5 Ex. 6 Ex. 7 

T102 125 A 125 A 125 A 125 A 125 A 125 A 125 A 125 A 
$1,144 165 A 165 A 165 A 165 A 165 A 155 A 157 A 155 A 
NiCrOX 1s A 18 A 18 A 18 A 18 A 18 A 18 A 18 A 
Ag 98 A 98 A 98 A 98 A 98 A 98 A 98 A 98 A 
NiCrOX 16A 16A 16A 16A 16A 16A 16A 16A 
5602 672 A 672 A 672 A 672 A 672 A 705 A 724 A 674 A 
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—continued 

FIRST TABLE: LAYER STRUCTURE — thicknesses (FIG. 2 embodiment) 

Glass CE Ex. 1 Ex. 2 Ex. 3 Ex. 4 Ex. 5 Ex. 6 Ex. 7 

$1,144 165 A 165 A 165 A 165 A 165 A 165 A 165 A 165 A 
NiCrOX 1s A 18 A 18 A 18 A 18 A 18 A 18 A 18 A 
Ag 98 A 98 A 98 A 98 A 98 A 98 A 98 A 98 A 
NiCrOX 16A 16A 16A 16A 16A 16A 16A 16A 
5602 227 A 227 A 227 A 227 A 227 A 252 A 314 A 234 A 
$1,144 252A 0A 0A 0A 0A 0A 0A 0A 
5102 0 A 550 A 450 A 400 A 353 A 460 A 286 A 435 A 

SECOND TABLE: OPTICAL PERFORMANCE FIG. 2 embodiment; monolithic 

Tvis 3*‘ by‘i Rglass side (g) 3*g by‘g R?lm side (1) Mr b*r 

EX. 1: 77.3% —2.8 2.1 4.5% 7.9 —11.9 3.0% 11.7 —18.2 
EX. 2: 76.9% —1.9 0.8 4.5% 5.3 —5.3 3.6% 2.7 —7.8 
EX. 3: 76.4% —0.2 —0.7 4.7% 4.0 —2.5 4.1% —0.6 —4.5 
EX. 4: 75.9% —1.1 0.2 5.0% 1.9 0.6 4.8% —3.7 —2.2 
EX. 5: 77.5% —2.6 1.9 4.6% 8.2 —11.4 3.4% 8.2 —12.5 
EX. 6: 77.1% —2.4 1.0 4.8% 10.2 —10.1 4.2% 4.8 —2.6 
EX. 7: 76.8% —1.8 0.7 4.6% 5.2 —4.7 3.6% 2.0 —5.3 
CE: 75.5% —2.1 0.2 5.9% 9.2 —10.6 5.2% 3.2 —1.0 

It can be seen from the Tables above regarding the FIG. 
2 embodiment of this invention, that the anti-re?ection 
system of the instant invention enables not only better 
visible transmission characteristics (i.e., increased transmis 
sion TVIS %), but also reduced re?ection (e.g., loWer glass 
side re?ection and/or ?lm side re?ection). Moreover, fairly 
neutral transmissive color is also provided. In particular, 
each of Examples 1—7 (see FIG. 2) had better visible 
transmission (higher TVIS) and better glass and/or ?lm side 
re?ection (loWer Rg and/or Rf) than the Comparative 
Example Moreover, Example 7 illustrates that the 
thicknesses of certain layers in the stack can be adjusted in 
order to achieve very neutral color (i.e., very loW a* and/or 
b* values), While still attaining higher visible transmission. 

FIG. 3 is a cross sectional vieW of a coated article 

according to another embodiment of this invention. The 
FIG. 3 embodiment differs from the FIG. 2 embodiment in 
that the top tin oxide and silicon oxide layers are replaced in 
FIG. 3 With a silicon oxynitride layer. The FIG. 3 embodi 
ment differs from FIG. 1 (i.e., from the CE) in that the tin 
oxide and silicon nitride layers are replaced With a silicon 
oxynitride layer. The silicon oxynitride layer is bene?cial in 
that its index of refraction n (at 550 nm) can be varied from 
1.45 to 2.0, more preferably from 1.6 to 1.9, and most 
preferably from 1.65 to 1.85, in different embodiments of 
this invention. The index n of the silicon oxynitride layer can 
be varied, for example, by adjusting the oxygen and/or 
nitrogen gas ?oWs used during sputtering of the same. The 
silicon oxynitride layer may have a constant (or approxi 
mately constant, i.e., constant plus/minus about 5%) index 
of refraction n throughout its entire thickness in certain 
embodiments of this invention, but alternatively may be 
oxidation and/or nitride graded so as to have an index of 
refraction n Which varies through the thickness of the layer 
(e.g., the index n may gradually decrease through the 
thickness of the silicon oxynitride layer moving toWard the 
air). The coated article of FIG. 3 includes from the glass 
substrate outWardly (all indices n at 550 nm): 
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glass (n=1.51) 
titanium oxide (e.g., TiO2) (n=2.1 to 2.7) 
silicon nitride (e.g., Si3N4) (n=1.8 to 2.2, preferably 

n=2.0) 
nickel-chromium-oxide (NiCrOx) 
silver (Ag) 
nickel-chromium-oxide (NiCrOx) 
tin oxide (e.g., SnO2) (n=1.8 to 2.2, preferably n=2.0) 
silicon nitride (e.g., Si3N4) (n=1.8 to 2.2, preferably 

n=2.0) 
nickel-chromium-oxide (NiCrOx) 
silver (Ag) 
nickel-chromium-oxide (NiCrOx) 
silicon oxynitride (e.g., SiOxNy) (n=1.45—2.0, preferably 

air (n=1.0) 
By using silicon oxynitride over the top contact layer, the 

layer system can be characterized by the top dielectric 
portion T having an effective index of refraction n less than 
that of middle dielectric portion M, Which in turn has an 
effective index of refraction n less than that of the bottom 
dielectric portion B. In other Words, nT<nM<nB, Where nT is 
the effective index of refraction of the top dielectric portion 
T, nM is the effective index of refraction of the middle 
dielectric portion M, and n5 is the effective index of refrac 
tion of the bottom dielectric portion B. As shoWn in FIG. 3, 
each of the top, middle and bottom dielectric portions T, M 
and B, respectively, can include a plurality of different 
dielectric layers, although in alternative embodiments any or 
all of these portions need only include a single dielectric 
layer. By gradually decreasing the respective effective indi 
ces of refraction “n” from the innermost or bottom dielectric 
portion B, to the middle dielectric portion M, and on to the 
top dielectric portion T toWard the air, the anti-re?ection 
system of FIG. 3 enables increased visible transmission to be 
achieved. The term “effective” means the overall effective 
index n in a particular portion B, T or M, regardless of hoW 
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many dielectric layers are provided therein. The anti 
re?ection system may also enable fairly neutral color of the 
coated article in certain example embodiments. The silicon 
oxynitride layer may be from about 10—900 A thick in 
certain example embodiments of this invention, more pref 
erably from 20—600 A thick, and most preferably from 
50_500 A thick. 

EXAMPLE(S) OF FIG. 3 EMBODIMENT 

The Tables beloW illustrate Example 1 of the FIG. 3 
embodiment, compared to a Comparative Example(s) (CE) 
similar to FIG. 1 of the instant application. Thus, the CE 
relates to a coating that is similar to that illustrated in the 
related application. For these simulation examples in the 
Tables beloW, the following indices of refraction Were 
assumed at 550 nm: for glass, n=1.51; for Si3N4, n=2.0; for 
SiOxNy, n=1.72; for SiO2, n=1.45; for SnO2, n=2.0; and for 
TiO2, n=2.57. The thicknesses for each of the layers in the 
First Table beloW are in angstroms The Second Table 
beloW sets forth the optical characteristics (e.g., visible 
transmission, color, etc.) for Example 1 and the CE based 
upon being annealed and in monolithic form. 

FIRST TABLE: LAYER STRUCTURE — thicknesses 

(FIG. 3 embodiment) 

Glass CE Ex. 1 

T102 125 A 125 A 
513m, 165 A 165 A 
NiCrOX 1s A 18 A 
Ag 98 A 98 A 
NiCrOX 16 A 16 A 
5602 672 A 672 A 
513m, 165 A 165 A 
NiCrOX 1s A 18 A 
Ag 98 A 98 A 
NiCrOX 16 A 16 A 
5602 227 A 0 A 
513m, 252 A 0 A 
SiOXNy 0 A 566 A 
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FIG. 1 (i.e., from the CE) in that the top silicon nitride layer 
is replaced With a silicon oxynitride layer. The silicon 
oxynitride layer is bene?cial in that its index of refraction n 
(at 550 nm) can be varied from 1.45 to 2.0, more preferably 
from 1.6 to 1.9, and most preferably from 1.65 to 1.85, in 
different embodiments of this invention. In this and all other 
silicon oxynitride inclusive embodiments herein, the silicon 
oxynitride layer may have a constant (or approximately 
constant, i.e., constant plus/minus about 5%) index of refrac 
tion n throughout its entire thickness in certain embodiments 
of this invention, but alternatively may be oxidation and/or 
nitride graded so as to have an index of refraction n Which 
varies through the thickness of the layer (e.g., the index n 
may gradually decrease through the thickness of the silicon 
oxynitride layer moving toWard the air). The coated article 
of FIG. 4 includes from the glass substrate outWardly (all 
indices n at 550 nm): 

glass (n=1.51) 
titanium oxide (e.g., TiO2) (n=2.1 to 2.7) 
silicon nitride (e.g., Si3N4) (n=1.8 to 2.2, preferably 

n=2.0) 
nickel-chromium-oxide (NiCrOx) 
silver (Ag) 
nickel-chromium-oxide (NiCrOx) 
tin oxide (e.g., SnO2) (n=1.8 to 2.2, preferably n=2.0) 
silicon nitride (e.g., Si3N4) (n=1.8 to 2.2, preferably 

n=2.0) 
nickel-chromium-oxide (NiCrOx) 
silver (Ag) 
nickel-chromium-oxide (NiCrOx) 
tin oxide (e.g., SnO2) (n=1.8 to 2.2, preferably n=2.0) 
silicon oxynitride (e.g., SiOxNy) (n=1.45—2.0, preferably 

air (n=1.0) 
By using silicon oxynitride over the top tin oxide layer 

and over the top contact layer, the layer system can be 
characteriZed by the top dielectric portion T having an 
effective index of refraction n less than that of middle 
dielectric portion M, Which in turn has an effective index of 

SECOND TABLE: OPTICAL PERFORMANCE (FIG. 3 embodiment‘ monolithic) 

Tvis 3*‘ by‘t Rglass side (g) 3*g by‘g R?lm side (1) Mr b*r 

EX. 1: 77.1% —2.4 1.6 4.4% 7.8 —11.4 3.1% 8.1 —13.9 
CE: 75.5% —2.1 0.2 5.9% 9.2 —10.6 5.2% 3.2 —1.0 

It can be seen from the Tables above regarding the FIG. 
3 embodiment of this invention, that the anti-re?ection 
system of the instant invention enables not only better 
visible transmission characteristics (i.e., increased visible 
transmission TVIS %), but also reduced re?ection (e. g., loWer 
glass side re?ection and/or ?lm side visible re?ection). In 
particular, Example 1 (see FIG. 3) had better visible trans 
mission (higher TVIS) and better glass and/or ?lm side 
re?ection (loWer Rg and/or Rf) than the Comparative 
Example (CE—see FIG. 1). 

FIG. 4 is a cross sectional vieW of a coated article 
according to another embodiment of this invention. The 
FIG. 4 embodiment differs from the FIG. 2 embodiment in 
that the silicon oxide layer is replaced in FIG. 4 With a 
silicon oxynitride layer. The FIG. 4 embodiment differs from 
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refraction n less than that of the bottom dielectric portion B. 
In other Words, nT<nM<nB. The silicon oxynitride and tin 
oxide layers may have thicknesses as discussed above. 

EXAMPLE(S) OF FIG. 4 EMBODIMENT 

The Tables beloW illustrate Examples 1—5 of the FIG. 4 
embodiment, compared to a Comparative Example(s) (CE) 
similar to FIG. 1 of the instant application. Thus, the CE 
relates to a coating that is similar to that illustrated in the 
related application. For these simulation examples in the 
Tables beloW, the folloWing indices of refraction Were 
assumed at 550 nm: for glass, n=1.51; for Si3N4, n=2.0; for 
SiOxNyl n=1.72; for SiO2, n=1.45; for SnO2, n=2.0; and for 
TiO2, n=2.57. The thicknesses for each of the layers in the 
First Table beloW are in angstroms The Second Table 
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below sets forth the optical characteristics (e.g., visible 
transmission, color, etc.) for the Examples and CE based 
upon being annealed and in monolithic form. 

FIRST TABLE: LAYER STRUCTURE — thicknesses 

(FIG. 4 embodiment) 

Glass CE Ex. 1 Ex. 2 Ex. 3 Ex. 4 Ex. 5 

T102 125 A 125 A 125 A 125 A 125 A 125 A 
$1,144 165 A 165 A 165 A 165 A 133 A 158 A 
NiCrOX 1s A 18 A 18 A 18 A 18 A 18 A 
Ag 98 A 98 A 98 A 98 A 98 A 98 A 
NiCrOX 16A 16A 16A 16A 16A 16A 
5602 672 A 672 A 672 A 731 A 708 A 671 A 
$1,144 165 A 165 A 165 A 165 A 165 A 165 A 
NiCrOX 1s A 18 A 18 A 18 A 18 A 18 A 
Ag 98 A 98 A 98 A 98 A 98 A 98 A 
NiCrOX 16A 16A 16A 16A 16A 16A 
5602 227 A 227 A 227 A 262 A 217 A 110 A 
$1,144 252A 0A 0A 0A 0A 0A 
SiOXNy 0 A 350 A 298 A 246 A 315 A 409 A 
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silver (Ag) 
nickel-chromium-oxide (NiCrOx) 
tin oxide (e.g., SnO2) (n=1.8 to 2.2, preferably n=2.0) 
silicon oxide (e.g., SiO2) (n=1.4 to 1.7, preferably n=1.45) 
air (n=1.0) 
By using silicon oxide and silicon nitride over the top 

contact layer, the coating (layer system) can be characteriZed 
by the top dielectric portion T having an effective index of 
refraction n less than that of middle dielectric portion M, 
Which in turn has an effective index of refraction n less than 
that of the bottom dielectric portion B. In other Words, 
nT<nM<nB. The silicon oxide and silicon nitride layers may 
have thicknesses as discussed above. The FIG. 5 embodi 
ment is also advantageous in that the top silicon oxide layer 
and the top silicon nitride layer can be sputtered from the 
same Si target, or from the same type of Si target, With the 
difference in sputtering comprising a difference in gas ?oW 
(i.e., oxygen gas vs. nitrogen gas). 

EXAMPLE(S) OF FIG. 5 EMBODIMENT 
The Tables beloW illustrate Example 1 of the FIG. 5 

embodiment, compared to a Comparative Example(s) (CE) 

SECOND TABLE: OPTICAL PERFORMANCE (FIG. 4 embodiment‘ monolithic) 

Tvis 3*‘ by‘t Rglass side (g) 3*g by‘g R?lm side (1) Mr b*r 

EX. 1: 76.6% —2.2 0.6 4.9% 8.6 —9.4 3.8% 5.0 —4.3 
EX. 2: 76.3% —1.5 —0.2 4.9% 6.1 —4.0 4.1% —1.1 2.2 
EX. 3: 77.0% —2.5 1.2 4.8% 11.2 —11.1 4.4% 5.1 —2.6 
EX. 4: 76.9% —2.3 1.0 4.8% 9.7 —10.1 3.9% 5.2 —1.8 
EX. 5: 76.4% —1.5 0.3 4.7% 4.7 —3.3 3.9% —0.5 —2.0 
CE: 75.5% —2.1 0.2 5.9% 9.2 —10.6 5.2% 3.2 —1.0 

It can be seen from the Tables above regarding the FIG. 
4 embodiment of this invention, that the anti-re?ection 
system of the instant invention enables not only better 
visible transmission characteristics (i.e., increased visible 
transmission TVIS %), but also reduced re?ection (e. g., loWer 
glass side re?ection and/or ?lm side visible re?ection). 
Moreover, fairly neutral color can also be provided. In 
particular, Examples 1—5 (see FIG. 4) had better visible 
transmission (higher TVIS) and better glass and/or ?lm side 
visible re?ection (loWer Rg and/or Rf) than the Comparative 
Example (CE—see FIG. 1). 

FIG. 5 is a cross sectional vieW of a coated article 
according to another embodiment of this invention. The 
upper dielectric portion T includes a silicon nitride 
(stoichiometric or non-stoichiometric, as in all 
embodiments) layer and a silicon oxide layer (stoichiometric 
or non-stoichiometric, as in all embodiments) in this 
embodiment. The coated article of FIG. 5 includes from the 
glass substrate outWardly (all indices n at 550 nm): 

glass (n=1.51) 
titanium oxide (e.g., TiO2) (n=2.1 to 2.7) 
silicon nitride (e.g., Si3N4) (n=1.8 to 2.2, preferably 

n=2.0) 
nickel-chromium-oxide (NiCrOx) 
silver (Ag) 
nickel-chromium-oxide (NiCrOx) 
tin oxide (e.g., SnO2) (n=1.8 to 2.2, preferably n=2.0) 
silicon nitride (e.g., Si3N4) (n=1.8 to 2.2, preferably 

n=2.0) 
nickel-chromium-oxide (NiCrOx) 
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similar to FIG. 1 of the instant application. Thus, the CE 
relates to a coating that is similar to that illustrated in the 
related application. For these simulation examples in the 
Tables beloW, the folloWing indices of refraction Were 
assumed at 550 nm: for glass, n=1.51; for Si3N4, n=2.0; for 
SiOxNy, n=1.72; for SiO2, n=1.45; for SnO2, n=2.0; and for 
TiO2, n=2.57. The thicknesses for each of the layers in the 
First Table beloW are in angstroms The Second Table 
beloW sets forth the optical characteristics (e.g., visible 
transmission, color, etc.) for the Example and CE based 
upon being annealed (non-HT) and in monolithic form. 

FIRST TABLE: LAYER STRUCTURE — thicknesses 

(FIG. 5 embodiment) 

Glass CE Ex. 1 

T102 125 A 125 A 
$1,144 165 A 152 A 
NiCrOX 1s A 18 A 
Ag 98 A 98 A 
NiCrOX 16 A 16 A 
5602 672 A 707 A 
$1,144 165 A 165 A 
NiCrOX 1s A 18 A 
Ag 98 A 98 A 
NiCrOX 16 A 16 A 
5602 227 A 0 A 
$1,144 252 A 253 A 
$102 0 A 457 A 
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SECOND TABLE: OPTICAL PERFORMANCE 
(FIG. 5 embodiment' monolithic) 

Rglass 
Tvis 3*‘ w‘ side (g) 3*g by‘g R?lm side (1) Mr b*r 

EX.1: 77.4% —2.6 1.9 4.6% 8.4 —11.5 3.5% 8.8 —12.8 
CE: 75.5% —2.1 0.2 5.9% 9.2 —10.6 5.2% 3.2 —1.0 

It can be seen from the Tables above regarding the FIG. 

5 embodiment of this invention, that the anti-re?ection 
system of the instant invention enables not only better 
visible transmission characteristics (i.e., increased visible 
transmission TV,S%), but also reduced visible re?ection 
(e.g., loWer glass side re?ection and/or ?lm side visible 
re?ection). Fairly neutral color is also provided. Example 1 
(see FIG. 5) has better visible transmission (higher TVIS) and 
better glass and/or ?lm side re?ection (loWer Rg and/or Rf) 
than the Comparative Example (CE—see FIG. 1). 

FIG. 6 is a cross sectional vieW of a coated article 

according to another embodiment of this invention. The 
upper dielectric area includes a silicon nitride 

(stoichiometric or non-stoichiometric) layer and a silicon 
oxynitride layer in this embodiment. The coated article of 
FIG. 6 includes from the glass substrate outWardly (all 
indices n at 550 nm): 

glass (n=1.51) 
titanium oxide (e.g., TiO2) (n=2.1 to 2.7) 
silicon nitride (e.g., Si3N4) (n=1.8 to 2.2, preferably 

n=2.0) 
nickel-chromium-oxide (NiCrOx) 
silver (Ag) 
nickel-chromium-oxide (NiCrOx) 
tin oxide (e.g., SnO2) (n=1.8 to 2.2, preferably n=2.0) 
silicon nitride (e.g., Si3N4) (n=1.8 to 2.2, preferably 

n=2.0) 
nickel-chromium-oxide (NiCrOx) 
silver (Ag) 
nickel-chromium-oxide (NiCrOx) 
silicon nitride (e.g., Si3N4) (n=1.8 to 2.2, preferably 

n=2.0) 
silicon oxynitride (e.g., SiOxNy) (n=1.45—2.0, preferably 

air (n=1.0) 
By using silicon oxynitride and silicon nitride over the top 

contact layer, the coating (layer system) can be characterized 
by the top dielectric portion T having an effective index of 
refraction n less than that of middle dielectric portion M, 
Which in turn has an effective index of refraction n less than 

that of the bottom dielectric portion B. In other Words, 
nT<nM<nB. The silicon oxide and silicon nitride layers may 
have thicknesses as discussed above. 

EXAMPLE(S) OF FIG. 6 EMBODIMENT 

The Tables beloW illustrate Example 1 of the FIG. 6 
embodiment, compared to a Comparative Example(s) (CE) 
similar to FIG. 1 of the instant application. Thus, the CE 
relates to a coating that is similar to that illustrated in the 
related application. For these simulation examples in the 
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Tables beloW, the folloWing indices of refraction Were 
assumed at 550 nm: for glass, n=1.51; for Si3N4, n=2.0; for 
SiOxNy, n=1.72; for SiO2, n=1.45; for SnO2, n=2.0; and for 
TiO2, n=2.57. The thicknesses for each of the layers in the 
First Table beloW are in angstroms The Second Table 
beloW sets forth the optical characteristics (e.g., visible 
transmission, color, etc.) for the Examples based upon being 
annealed and in monolithic form. 

FIRST TABLE: LAYER STRUCTURE — thicknesses 

(FIG. 6 embodiment) 

Glass CE Ex. 1 

T102 125 A 125 A 
$191,, 165 A 154 A 
NiCrOX 1s A 18 A 
Ag 98 A 98 A 
NiCrOX 16 A 16 A 
51102 672 A 722 A 
$191., 165 A 165 A 
NiCrOX 1s A 18 A 
Ag 98 A 98 A 
NiCrOX 16 A 16 A 
51102 227 A 0 A 
$191,, 252 A 198 A 
SiOXNy 0 A 336 A 

SECOND TABLE: OPTICAL PERFORMANCE 

(FIG. 6 embodiment‘ monolithic) 

Rglass R?lm 
Tvis 3*‘ w‘ side (g) 3*g by‘g side (1) Mr b*r 

EX. 1: 77.0% —2.5 1.3 4.7% 10.2 —10.1 4.0% 6.4 —5.4 
CE: 75.5% —2.1 0.2 5.9% 9.2 —10.6 5.2% 3.2 —1.0 

It can be seen from the Tables above regarding the FIG. 

6 embodiment of this invention, that the anti-re?ection 
system of the instant invention enables not only better 
visible transmission characteristics (i.e., increased visible 
transmission TVIS %), but also reduced visible re?ection 
(e.g., loWer glass side re?ection and/or ?lm side visible 
re?ection). Moreover, neutral color is also provided. 
Example 1 (see FIG. 6) has better visible transmission 
(higher TVIS) and better glass and/or ?lm side re?ection 
(loWer Rg and/or Rf) than the Comparative Example (CE— 
see FIG. 1). 

Accordingly, coated articles of certain example embodi 
ments of this invention are characterized by one or more of 

the folloWing parameters: 

Characteristic General More Preferred Most Preferred 

Tvis (Ill. C, 2 deg): >=70% >=75% >=76.5% 
RgY (Ill. C, 2 deg): <=11% <=9% <=5.0% 
RfY (Ill. C; 2 deg): <=11% <=9% <=5.0% 
T5013; <=50% <=48% 

While the invention has been described in connection 
With What is presently considered to be the most practical 
and preferred embodiment, it is to be understood that the 
invention is not to be limited to the disclosed embodiment, 
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but on the contrary, is intended to cover various modi?ca 
tions and equivalent arrangements included Within the spirit 
and scope of the appended claims. For example and Without 
limitation, materials other than those described above may 
be used in other embodiments of this invention Without 
departing from the spirit of this invention. 
What is claimed is: 
1. A coated article including a coating supported by a 

glass substrate, the coating comprising: 
?rst and second infrared (IR) re?ecting layers comprising 

silver (Ag); 
a ?rst dielectric layer having an index of refraction n<=3.0 

provided betWeen the ?rst IR re?ecting layer and the 
glass substrate; 

a second dielectric layer having an index of refraction 
1.8<=n<2.2 provided betWeen the ?rst and second IR 
re?ecting layers, Wherein the second dielectric layer 
has an index of refraction n less than the index of 
refraction n of the ?rst dielectric layer; 

a third dielectric layer comprising silicon oxynitride pro 
vided over the ?rst and second IR re?ecting layers, said 
third dielectric layer comprising silicon oxynitride hav 
ing an index of refraction n less than the index of 
refraction n of the second dielectric layer; 

Wherein the coated article has a visible transmission of at 
least 70%; and 

Wherein each of the ?rst and second IR re?ecting layers 
comprising Ag is sandWiched betWeen and contacts a 
pair of contact layers, and Wherein at least one of the 
contact layers adjacent each IR re?ecting layer com 
prises at least one of NiCr, NiCrOx, and NiCrNx, 

at least one of the contact layers comprises Ni and Cr. 
2. The coated article of claim 1, Wherein the third dielec 

tric layer comprising silicon oxynitride has an index of 
refraction 1.45<=n<=2.0. 

3. The coated article of claim 2, Wherein the third dielec 
tric layer comprising silicon oxynitride has an index of 
refraction 1.6<=n<=1.9. 

4. The coated article of claim 1, Wherein the ?rst dielectric 
layer comprises titanium oxide. 

5. A coated article including a coating supported by a 
glass substrate, the coating comprising: 

?rst and second infrared (IR) re?ecting layers comprising 
silver (Ag); 

a ?rst dielectric layer comprising an oxide of titanium and 
having an index of refraction n<=3.0 provided betWeen 
the ?rst IR re?ecting layer and the glass substrate; 

a second dielectric layer having an index of refraction 
1.8<=n<=2.2 provided betWeen the ?rst and second IR 
re?ecting layers, Wherein the second dielectric layer 
has an index of refraction n less than the index of 
refraction n of the ?rst dielectric layer; 

a third dielectric layer comprising silicon oxynitride pro 
vided over the ?rst and second IR re?ecting layers, said 
third dielectric layer comprising silicon oxynitride hav 
ing an index of refraction n less than the index of 
refraction n of the second dielectric layer; 

Wherein the coated article has a visible transmission of at 
least 70%; and 

a layer comprising silicon nitride located betWeen the ?rst 
IR re?ecting layer and the ?rst dielectric layer com 
prising the oxide of titanium. 

6. The coated article of claim 1, Wherein the second 
dielectric layer comprises tin oxide. 
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14 
7. A coated article including a coating supported by a 

glass substrate, the coating comprising: 
?rst and second infrared (IR) re?ecting layers comprising 

silver (Ag); 
a ?rst dielectric layer having an index of refraction n<=3.0 

provided betWeen the ?rst IR re?ecting layer and the 
glass substrate; 

a second dielectric layer comprising tin oxide and having 
an index of refraction 1.8<=n<=2.2 provided betWeen 
the ?rst and second IR re?ecting layers, Wherein the 
second dielectric layer has an index of refraction n less 
than the index of refraction n of the ?rst dielectric layer; 

a third dielectric layer comprising silicon oxynitride pro 
vided over the ?rst and second IR re?ecting layers, said 
third dielectric layer comprising silicon oxynitride hav 
ing an index of refraction n less than the index of 
refraction n of the second dielectric layer; 

Wherein the coated article has a visible transmission of at 
least 70%; and 

another dielectric layer comprising silicon nitride pro 
vided betWeen the ?rst IR re?ecting layer and the 
second dielectric layer comprising tin oxide. 

8. The coated article of claim 1, further comprising 
another dielectric layer comprising tin oxide provided 
betWeen the third dielectric layer comprising silicon oxyni 
tride and the second IR re?ecting layer. 

9. A coated article including a coating supported by a 
glass substrate, the coating comprising: 

?rst and second infrared (IR) re?ecting layers comprising 
silver (Ag); 

a ?rst dielectric layer having an index of refraction n<=3.0 
provided betWeen the ?rst IR re?ecting layer and the 
glass substrate; 

a second dielectric layer having an index of refraction 
1.8<=n<=2.2 provided betWeen the ?rst and second IR 
re?ecting layers, Wherein the second dielectric layer 
has an index of refraction n less than the index of 
refraction n of the ?rst dielectric layer; 

a third dielectric layer comprising silicon oxynitride pro 
vided over the ?rst and second IR re?ecting layers, said 
third dielectric layer comprising silicon oxynitride hav 
ing an index of refraction n less than the index of 
refraction n of the second dielectric layer; 

Wherein the coated article has a visible transmission of at 
least 70%; and 

another dielectric layer comprising silicon nitride pro 
vided betWeen the third dielectric layer comprising 
silicon oxynitride and the second IR re?ecting layer. 

10. The coated article of claim 1, Wherein the coated 
article is characteriZed by a visible transmission of at least 
75%, a sheet resistance (R5) of no greater than 10 ohms/ 
square, and a glass side visible re?ectance <=9%. 

11. The coated article of claim 1, Wherein the coated 
article has a visible transmission of at least 76.5%. 

12. The coated article of claim 1, Wherein the third 
dielectric layer comprising silicon oxynitride is at least one 
of oxidation graded and nitrogen graded, so that an index of 
refraction n of the third dielectric layer comprising silicon 
oxynitride changes from a ?rst value in a ?rst portion of the 
third dielectric layer to a smaller second value in a second 
portion of the third dielectric layer, Wherein the second 
portion of the third dielectric layer comprising silicon oxyni 
tride With the smaller index of refraction n is further from the 
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IR re?ecting layers than is the ?rst portion of the third 
dielectric layer. 

13. An IG WindoW unit comprising the coated article of 
claim 1. 

14. A coated article including a coating supported by a 
glass substrate, the coating comprising, from the glass 
substrate outWardly: 

a ?rst dielectric layer comprising titanium oxide; 
a ?rst contact layer comprising at least one of NiCr, 
NiCrOx and NiCrNx; 

a ?rst IR re?ecting layer comprising Ag; 
a second contact layer comprising at least one of NiCr, 
NiCrOx and NiCrNx; 

a second dielectric layer comprising tin oxide; 
a third contact layer comprising at least one of NiCr, 
NiCrOx and NiCrNx; 

a second IR re?ecting layer comprising Ag; 
a fourth contact layer comprising at least one of NiCr, 
NiCrOx and NiCrNx; 

a third dielectric layer comprising silicon oxynitride,the 
third dielectric layer having an index of refraction less 
than of the second dielectric layer; and 

Wherein the coated article has a sheet resistance (R5) of no 
greater than 10 ohrns/square. 

15. The coated article of claim 14, Wherein the coated 
article has a visible transmission of at least 70%. 

16. The coated article of claim 15, Wherein the coated 
article has a visible transmission of at least 75%. 

17. The coated article of claim 14, further comprising 
another dielectric layer comprising silicon nitride provided 
between and contacting the ?rst dielectric layer comprising 
titanium oxide and the ?rst contact layer. 

18. The coated article of claim 14, further comprising 
another dielectric layer comprising silicon nitride provided 
betWeen the second dielectric layer comprising tin oxide and 
the third contact layer. 

19. The coated article of claim 14, further comprising 
another dielectric layer comprising tin oxide provided 
betWeen and contacting the third dielectric layer comprising 
silicon oxynitride and the fourth contact layer. 

20. The coated article of claim 14, further comprising 
another dielectric layer comprising silicon nitride provided 
betWeen the third dielectric layer comprising silicon oxyni 
tride and the fourth contact layer. 

21. The coated article of claim 14, Wherein the third 
dielectric layer comprising silicon oxynitride is at least one 
of oxidation graded and nitrogen graded, so that an index of 
refraction n of the third dielectric layer comprising silicon 
oxynitride changes from a ?rst value in a ?rst portion of the 
third dielectric layer to a smaller second value in a second 
portion of the third dielectric layer, Wherein the second 
portion of the third dielectric layer comprising silicon oxyni 
tride With the smaller index of refraction n is further from the 
IR re?ecting layers than is the ?rst portion of the third 
dielectric layer. 

22. AWindoW comprising the coated article of claim 14. 
23. A coated article including a coating supported by a 

glass substrate, the coating cornprising: 
?rst and second infrared (IR) re?ecting layers comprising 

at least one of Ag and Au; 
a ?rst dielectric layer having an index of refraction n<=3.0 

provided betWeen the ?rst IR re?ecting layer and the 
glass substrate; 
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16 
a second dielectric layer having an index of refraction n 

less than that of the ?rst dielectric layer provided 
betWeen the ?rst and second IR re?ecting layers; 

a third dielectric layer comprising silicon oxide provided 
over the ?rst and second IR re?ecting layers, said third 
dielectric layer comprising silicon oxide having an 
index of refraction n less than that of the second 
dielectric layer. 

a dielectric layer comprising tin oxide provided betWeen 
the second IR re?ecting layer and the third dielectric 
layer comprising silicon oxide. 

24. The coated article of claim 23, Wherein said ?rst and 
second IR re?ecting layers each are metallic and comprise 
Ag. 

25. The coated article of claim 23, Wherein each of the 
?rst and second IR re?ecting layers is sandWiched betWeen 
and contacts a pair of contact layers, and Wherein at least one 

of the contact layers comprises at least one of NiCr, NiCrOx, 
and NiCrNx. 

26. The coated article of claim 23, Wherein at least one of 
the contact layers cornprises Ni and Cr. 

27. The coated article of claim 23, Wherein the ?rst 
dielectric layer comprises titanium oxide. 

28. The coated article of claim 23, Wherein the second 
dielectric layer comprises at least one of tin oxide and silicon 
nitride. 

29. The coated article of claim 23, Wherein the coated 
article is characteriZed by a visible transmission of at least 
70%, a sheet resistance (R5) of no greater than 10 ohrns/ 
square, and a glass side visible re?ectance <=9%. 

30. The coated article of claim 23, Wherein the coated 
article has a visible transmission of at least 76.5%. 

31. AWindoW comprising the coated article of claim 23. 
32. A coated article including a coating supported by a 

glass substrate, the coating comprising, from the glass 
substrate outWardly: 

a ?rst dielectric layer comprising at least one of silicon 
nitride and titanium oxide; 

a ?rst contact layer; 
a ?rst IR re?ecting layer comprising Ag; 
a second contact layer comprising at least one of NiCr, 
NiCrOx and NiCrNx; 

a second dielectric layer comprising at least one of tin 
oxide and silicon nitride; 

a third contact layer; 
a second IR re?ecting layer comprising Ag; 
a fourth contact layer comprising at least one of NiCr, 
NiCrOx and NiCrNx; 

a third dielectric layer comprising at least one of silicon 
oxide and silicon oxynitride provided over all four 
contact layers and over the ?rst and second IR re?ect 
ing layers; the third dielectric layer having an index of 
refraction (n) less than that of the second dielectric 
layer; and 

Wherein the coated article has a visible transmission of at 
least 70% and a sheet resistance (R5) of no greater than 
10 ohrns/square. 

33. The coated article of claim 32, Wherein the coated 
article has a visible transmission of at least 75%. 

34. The coated article of claim 32, Wherein the coated 
article has a visible transmission of at least 76.5%. 

35. The coated article of claim 32, Wherein the ?rst 
dielectric layer comprises titanium oxide, and the coated 
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article further comprises another dielectric layer comprising 
silicon nitride provided betWeen the ?rst dielectric layer 
comprising titanium oxide and the ?rst contact layer. 

36. The coated article of claim 32, Wherein the second 
dielectric layer comprises tin oxide, and the coated article 
further comprises another dielectric layer comprising silicon 
nitride provided betWeen the second dielectric layer com 
prising tin oxide and the third contact layer. 

37. The coated article of claim 32, Wherein the third 
dielectric layer comprises silicon oxide, and the coated 

18 
article further comprises a layer comprising tin oxide located 
betWeen the fourth contact layer and the third dielectric layer 
comprising silicon oxide. 

38. The coated article of claim 32, Wherein the third 
dielectric layer comprises silicon oxide, and the coated 
article further comprises a layer comprising silicon nitride 
located betWeen the fourth contact layer and the third 
dielectric layer comprising silicon oxide. 


